Objectives: Epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKIs) are an established treatment for advanced non-small cell lung cancer (NSCLC) with EGFR mutation. According to published meta-analyses, no significant efficacy differences have been demonstrated between erlotinib and afatinib. However, the incidence of EGFR-TKI-related adverse events (AEs) was lower with erlotinib. This study compares the cost of management of the AEs associated with these two drugs from the perspective of the Spanish National Health System (NHS). Methods: The frequency of AEs was established from a recently published meta-analysis. In Spain, the daily cost of both drugs can be considered similar; as a result, only the costs of management of the AEs were considered. Costs and resource utilization in the management of the AEs were estimated by a panel of Spanish oncologists and from studies previously carried out in Spain. A probabilistic analysis was performed based on a Monte Carlo simulation. Results: The model generated 1,000 simulations. The total cost per patient treated with erlotinib and afatinib was €657.44 and €1,272.15, respectively. With erlotinib, the cost per patient and per AE of grades ≤2 and ≥3 was €550.86 and €106.58, respectively, whereas the cost with afatinib was €980.63 and €291.52, respectively. The reduction in the number of AEs with erlotinib could avoid a mean cost for the NHS of €614.71 (95% CI: €342.57-881.29) per patient.
Introduction
Lung cancer is the leading cause of cancer death in Spain, with 21,645 deaths in 2013. 1 Approximately, 27,000 new cases are diagnosed each year, 2 most of them in locally advanced or metastatic stages of the disease (IIIB and IV). 3 Non-small cell lung cancer (NSCLC) is the most common histological subtype, accounting for 80%-85% of all lung cancers. [3] [4] [5] It has been shown that 7%-17% of NSCLCs harbor a type 1 epidermal growth factor receptor (EGFR)-activating mutation in non-Asian populations. 6, 7 Erlotinib, gefitinib, and afatinib are EGFR-tyrosine kinase inhibitors (EGFR-TKIs) indicated for the first-line treatment of patients with locally advanced or metastatic NSCLC harboring EGFR-activating mutations. [8] [9] [10] Erlotinib and gefitinib are EGFR-TKIs that reversibly inhibit EGFR. 11, 12 Afatinib is an irreversible EGFR-TKI that inhibits various ERBB receptor family members (including EGFR, HER2, ERBB3, and ERBB4). 
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The efficacy and safety of EGFR-TKIs have been analyzed in several meta-analyses. [14] [15] [16] [17] [18] The most recently published network meta-analyses indicate a high efficacyhigh toxicity profile for afatinib, a high efficacy-moderate toxicity profile for erlotinib, and a medium efficacy-moderate toxicity profile for gefitinib. 18 Therefore, based on these results, afatinib and erlotinib might be superior choices for chemo-naïve EGFR mutant patients in terms of efficacy, although with differences in toxicity profile between them. 18 Regarding direct comparisons, there have not been carried out head-to-head trials comparing erlotinib and afatinib in EGFR mutant patients. The first exploratory prospective head-to-head comparison in this setting is the LUX-Lung 7 phase IIb study that indicates that afatinib might offer improved efficacy compared with gefitinib in its primary endpoints, without new safety signals. 19 On the other hand, the CTONG0901 trial showed that erlotinib produced numerically longer PFS and overall survival than gefitinib in patients with "EGFR" mutations but without statistically significant differences. 20 Considering that there are no differences in terms of efficacy between erlotinib and afatinib and in the absence of head-to-head comparison, we decided to assess the hypothesis that erlotinib might involve fewer costs associated with the management of adverse events (AEs) than afatinib.
This study compares the cost of management of the AEs associated with these two drugs in the first-line treatment of patients with locally advanced or metastatic NSCLC with EGFR mutation, from the perspective of the Spanish National Health System (NHS).
Methods
Economic model
The study comprised an economic model defined as a theoretical construct allowing the simulation of complex health care processes related to drugs and developed following a previously established protocol based on estimates obtained from the available data. The model, which was generated using Microsoft Excel, simulated the evolution of a hypothetical cohort of patients treated with erlotinib or afatinib and calculated the cost per patient of managing the AEs associated with either treatment, as observed in the clinical trials, which were evaluated in the direct and indirect comparisons meta-analysis published by Haaland et al. 14 The model was generated from the perspective of the NHS; accordingly, it only included direct health care costs, with a time horizon equivalent to the duration of follow-up of the patients in the clinical trials included in the meta-analysis. [21] [22] [23] [24] 
Target population
The target population comprised the hypothetical total patients in which the theoretical analysis was carried out, and thus the population to which the study results may be applied. These patients were individuals presenting locally advanced or metastatic NSCLC and EGFR mutations.
AEs
Five meta-analyses of clinical trials comparing the toxicity of erlotinib and afatinib were identified. [14] [15] [16] [17] [18] The only metaanalysis considering the overall AEs observed in the clinical trials was that of Haaland et al. 14 As a result, this was the meta-analysis used in the economic model as the source of frequencies of the AEs reported for both EGFR-TKIs. The eligible patient population included in this meta-analysis has the same clinical characteristics as the target population in the economic analysis. This was a direct and indirect comparison meta-analysis performed using mixed-effects log-linear models. It included two randomized phase III trials with erlotinib (EURTAC and OPTIMAL trials). In the first study as the pivotal trial, erlotinib was compared with gemcitabine plus carboplatin, 21, 22 whereas the second study compared erlotinib versus cisplatin plus docetaxel or gemcitabine (carboplatin was allowed in patients unable to have cisplatin). 25 The analysis also included the two randomized phase III pivotal trials with afatinib (LUX-Lung 3 and LUX-Lung 6 trials). The first compared afatinib versus pemetrexed plus cisplatin, 23 whereas the second study compared afatinib versus gemcitabine plus cisplatin. 24, 26 The results of the meta-analysis in relation to the AEs observed with erlotinib and afatinib are shown in Table 1 . To understand how AE rates shown in Table 1 were obtained from the meta-analysis of Haaland et al, 14 an example is presented below. According to the meta-analysis of Haaland et al, 14 the anemia grade ≥3 average rate for erlotinib is 1% ( Table 1) . As the total rate of anemia with erlotinib is 8% (Haaland et al), 14 it follows that the average rate of grade ≤2 anemia is the difference (7%; Table 2 ).
The results of LUX-Lung 3 and LUX-Lung 6 trials have been very recently published in the US "National Institutes of Health" ClinTrials database. 27, 28 The AE rates described in the database differ slightly from those previously published. 23, 26 Consequently, a sub-analysis was made, considering the values available in ClinTrials 27,28 ( Table 2) .
Cost estimates
In Spain, the daily cost of treatment with erlotinib and afatinib at the doses recommended in the respective Summaries of Product Characteristics (150 and 40 mg/day, respectively) 8, 10 ClinicoEconomics and Outcomes Research 2017:9
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Adverse events costs associated with erlotinib or afatinib in first-line treatment is the same (€68.18, ex-factory price); 29 consequently, only costs associated with management of AEs were considered. AEs with irrelevant direct health care costs for the NHS (alopecia, ALT enzyme elevation, epistaxis, paronychia, and xerosis) were not taken into account.
Resource utilization and the unit costs employed in the study were obtained from different Spanish sources [30] [31] [32] and were updated and clinically validated in 2015 by a Spanish panel of clinical experts composed of three oncologists (DI, JDC, and OJ) who are also co-authors of this study (Table 2) . Spanish studies from which the cost of AE was obtained are described. Most of the unit costs of outpatient and in-hospital management of the AE were obtained from the study by Isla et al. 30 In this study, a two-round Delphi consensus panel of clinical experts was carried out to describe local clinical patterns based on treatment algorithms from SEOM (Spanish Society of Medical Oncology) and ASCO (American Society of Clinical Oncology) treatment guidelines. The panel consisted of 19 oncologists and one hospital pharmacist, who were asked during the first round to define therapeutic pathways for NSCLC by the patients' performance status, age, and histology; to quantify the use of resources associated with the preparation and administration of anticancer pharmacotherapy; management of AEs associated with 
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Adverse events costs associated with erlotinib or afatinib in first-line treatment anticancer pharmacotherapy; and best supportive care (BSC). The second round was used to try to reduce the variability of responses in some questions and to further describe differences between intravenous and oral therapy 30 ( Table 2 ). The cost of AE not analyzed in Isla et al 30 study was obtained from two other sources: one study of the treatment of patients with recurrent epithelial ovarian cancer, in which estimation of resources used in managing AE was made through an expert panel (stomatitis/mucositis, cheilitis); 32 the second study was performed to estimate the management of nucleoside analog reverse transcriptase inhibitors-related toxicities (arthralgia, leukopenia, and neurotoxicity) 31 ( Table 2 ). It was assumed that the management of AE is similar in cancer patients and in patients with HIV.
All costs and prices used in the model were updated to the year 2015.
Monte Carlo simulation
In the actual clinical practice, the clinical course may differ greatly among the patients of a NSCLC cohort. Similarly, the data referred to the variables of the model (AE rates and the costs of managing such events) can generate uncertainty as to their accuracy, since they come from different studies and sources that need to be contrasted. In this regard, the aforementioned panel of experts had already validated the previously published Spanish data on the use of resources in treating AEs among patients with NSCLC. [30] [31] [32] In addition, a probabilistic analysis was made in the form of a second-order Monte Carlo simulation to explore the effect of the individual variability of the patients and the uncertainty of the variables of the model 33 in a hypothetical cohort of 1,000 patients treated with erlotinib or afatinib. We simulated the evolution of a hypothetical cohort in the clinical practice, obtaining mean cost differences with their corresponding 95% confidence intervals (95% CIs). We assumed that the rates and costs of the AEs would follow a beta and gamma distribution, respectively. 34 
Presentation of results
The unit costs of each AE were displayed first. This was followed by the mean cost of the AEs per patient according to severity (grades ≤2 and ≥3; with the corresponding 95% CI) and the mean pooled cost (95% CI) of the global AEs.
Results
The calculated mean, minimum, and maximum costs of each AE (grades ≤2 and ≥3) associated with erlotinib and afatinib are reported in Table 3 .
The total cost of the AEs per patient treated with erlotinib and afatinib was €657.44 and €1,272.15, respectively (Table 4) .
With erlotinib, the cost of the AEs grades ≤2 and ≥3 was €550.86 and €106.58, respectively, while the cost with afatinib was €980.63 and €291.52, respectively ( Table 4) .
The reduction in the number of AEs with erlotinib could result in a cost saving for the NHS of €614.71 (95% CI €342.57-881.29) per patient (Table 4) . On examining the costs of managing each AE, diarrhea was found to make the greatest contribution to total management cost, representing 61.3% and 76.0% of the total cost for erlotinib and afatinib, respectively, followed by infections (17.6% for erlotinib) and stomatitis/mucositis (15.0% for afatinib).
According to the sub-analysis performed with AE rates described for afatinib in the ClinicalTrials database, the saving per patient for the NHS would be €701.51 (95% CI €409.27-867.22).
Discussion
EGFR-TKIs are incontestable standard treatments for NSCLC patients with EGFR mutations. 35 While most published meta-analyses suggest that there are no differences in terms of efficacy among EGFR-TKIs, [14] [15] [16] [17] the last meta-analysis released suggests that there is no difference between erlotinib and afatinib but there is difference between these two and gefitinib. 18 Due to the lack of head-to-head studies and considering that erlotinib and afatinib have no efficacy differences coming from indirect comparisons, we aimed to compare both drugs in terms of direct costs. Since pharmacological costs can be considered similar in Spain, only costs associated with AEs were considered in the analysis.
Our economic evaluation had some weaknesses and strengths. First, we should take into account that we have used a theoretical model, which by definition constitutes a simplified simulation of reality. There are no head-to-head trials comparing erlotinib versus afatinib in EGFR-positive NSCLC, but this weakness could be solved by the use of a thorough network meta-analysis.
14 However, in this regard, the methodological problems associated with the meta-analysis of indirect comparisons must be considered. 36 On the other hand, this meta-analysis included trials which were based on nonpragmatic designs. Consequently, their results must be regarded as estimates referred to a standardized patient.
Data on resource utilization in the management of AEs could not be collected from real patients, which are always the preferable option. Such information was estimated considering a specific published study on patients with NSCLC, which included a panel of 19 Spanish oncologists, 30 and it was updated and validated in 2015 by another panel of clinical experts composed of three oncologists (DI, JDC, and OJ) who are also co-authors of this study.
The costs of management of AEs used in our modeled study mainly come also from this Spanish publication. 30 However, in some cases we had to resort to another two Spanish studies not specific of this disease, 31, 32 and we assumed that management of the AEs does not vary significantly in patients with different diseases. 30, 37 However, can be considered a weakness of the model, the need to assume the management of AE is similar in cancer patients and in patients with HIV.
Regarding the strengths of the study, we must emphasize that the reliability of the results of the economic analysis was confirmed by means of a Monte Carlo simulation. 33 This mathematical method allows us to simulate the effect of simultaneous and random changes referred to different parameters (in our case, the frequencies and costs of AEs), thereby attempting to imitate the real-life clinical evolution of the patients. This method is widely accepted and recommended by institutions such as, for example, the "National Institute for Health and Care Excellence" of the United Kingdom. 38 The reliability of the results obtained was confirmed in this probabilistic analysis, revealing savings per patient, with a 95% CI between €342.57 and €881.29. The orientation of the results (savings with erlotinib versus afatinib) was likewise confirmed on incorporating the afatinib AE rates recently described in the ClinicalTrials database to the calculations made.
According to the results of this study, first-line treatment of EGFR mutation-positive advanced NSCLC patients with erlotinib could reduce the health care costs for the NHS, due to a decrease in the AE rate compared with afatinib. However, this result should be confirmed in an ad hoc study in clinical practice. In long-term treatments, the avoidance of complications and the lowering of costs associated with the management of AEs are relevant factors that contribute to the sustainability of the health care system.
